Introduction
============

Hypopharyngeal cancer is a malignant tumor with poor prognosis in head and neck cancer. Its morbidity accounts for 3--5% of head and neck cancers ([@b1-ol-0-0-10939]). As the pathogenic location of hypopharyngeal cancer is concealed, the lesion tends to infiltrate and spread along the mucosa. The incidence of cervical lymph node metastasis is high. Cervical lymph node metastasis has already appeared in patients when they are diagnosed. Cervical lymph node metastasis is one of the factors that affect prognosis of patients with hypopharyngeal cancer ([@b2-ol-0-0-10939],[@b3-ol-0-0-10939]). Therefore, how to accurately diagnose and evaluate lymph node metastasis in patients with hypopharyngeal cancer has important clinical significance for patients with cervical lymph node metastasis of hypopharyngeal cancer ([@b4-ol-0-0-10939]).

Clinical examination of cervical lymph node metastasis has been carried out by palpation, but the accuracy of palpation is easily affected by factors, such as the experience of the examiner and the location and size of lymph nodes ([@b5-ol-0-0-10939]). For example, the lymph node has no obvious swelling and tenderness in patients with cervical lymph node metastasis of early hypopharyngeal cancer. The texture of the lymph node is soft and the size is small, so it is difficult to be found by palpation ([@b6-ol-0-0-10939]). Ultrasound, as a non-invasive, economical and convenient method, has been used to diagnose many diseases in clinic ([@b7-ol-0-0-10939]). Studies have shown that ultrasound has diagnostic value for hypopharyngeal cancer and that cervical lymph node metastasis missed by palpation can be found by ultrasound ([@b8-ol-0-0-10939]).

However, research reports on the diagnosis of regional lymph node metastasis of hypopharyngeal cancer are generally mentioned in comprehensive reports on head and neck tumors ([@b9-ol-0-0-10939]). The studies that specifically report lymph node metastasis of hypopharyngeal cancer are rare. Therefore, the results of pathological examination were used as the standard, the diagnostic value of ultrasonic imaging was investigated for lymph node metastasis of hypopharyngeal cancer, in order to provide proper plans for diagnosis of patients with hypopharyngeal cancer with lymph node metastasis.

Patients and methods
====================

### General data

Eighty-nine patients who were diagnosed with hypopharyngeal cancer in Qilu Hospital of Shandong University (Qingdao) (Qingdao, China) from January 2014 to June 2016 were retrospectively analyzed, including 51 male patients and 38 female patients, with an average age of 54.1±2.5 years. Sixty-eight patients were diagnosed with hypopharyngeal cancer with cervical lymph node metastasis by pathological sections. Twenty-one patients did not have cervical lymph node metastasis ([Table I](#tI-ol-0-0-10939){ref-type="table"}).

### Inclusion criteria

Patients who were diagnosed with hypopharyngeal cancer by pathological examination. Exclusion criteria: Patients with severe liver dysfunction and kidney dysfunction; patients with hypopharyngeal cancer and other cancers; patients with severe infection; patients who did not accept pathological diagnosis; patients with cognitive disorder or communication disorder; patients who would not cooperate with the experiment. All the patients and their family members agreed to participate in the experiment and signed informed consent forms. This experiment was approved by the Ethics Committee of Qilu Hospital of Shandong University (Qingdao).

Detection methods
-----------------

### Palpation

The diagnosis of metastatic lymph node was made by experienced doctors in a subjective way. At present, only the order and description can be specified for palpation. All the patients were diagnosed by palpation, which was carried out by multiple doctors who had rich clinical experience to reduce bias. When the doctors carried out palpation, they gently touched the neck of the patients with their hands in up to down manner. The key area was the lymph node chain of the internal jugular vein, for lymph nodes in the II--IV area. The presence and absence of lymphadenopathy and the size, hardness, and mobility of the lymph nodes were diagnosed and assessed.

### Ultrasound

ATL-HDI 5000 color Doppler ultrasound equipment (Philips) was used to diagnose the patients. The probe frequency was 7 MHz, the aliasing speed of the color flow was adjusted to 8 cm/sec, the color gain was adjusted to 80--85%. The patients were in supine position, with neck exposed and raised with a pillow. When the patients were examined, the head was turned to the side that was not examined, the lymph nodes were scanned by seven-point method ([@b10-ol-0-0-10939]) of American Joint Committee on Cancer. The scanning range was from the area behind the ear to supraclavicular fossa, the longitudinal and transverse examinations were carried out. The location, shape, size, internal echo and envelope of the lymph nodes were recorded. The blood flow of the lymph nodes was observed and the lymph nodes were divided into several types, including non-blood flow type, central type, peripheral type and hybrid type. However, the artificial interpretation of cervical lymph node ultrasound images is subjective, so the analysis of lymph node ultrasound images was performed by computer. The diagnostic criteria for malignant lymph nodes were detailed previously ([@b11-ol-0-0-10939],[@b12-ol-0-0-10939]).

### Observation indicators

i\) The long/short-diameter ratio of the characteristic lymph nodes, the maximum systolic velocity and the blood flow resistance index of the ultrasound images were compared between the two groups. ii) The sensitivity, specificity, diagnostic accuracy, positive predictive value and negative predictive value of palpation and ultrasound were calculated and compared in the diagnosis of hypopharyngeal cancer with cervical lymph node metastasis. iii) An association analysis was carried out between the imaging features of ultrasound and lymph node metastasis.

### Statistical analysis

SPSS 19.0 (IBM) statistical software was used to analyze the experimental data. Chi-square test was used for the enumeration data. The association between the imaging features and lymph node metastasis was analyzed by Logistic regression analysis. Students t test was used for quantitative parameters of ultrasound features analysis. P\<0.05 was considered to be statistically significant.

Results
=======

### Comparison of ultrasound image features in patients with and without metastasis

The long/short diameter ratio, maximum systolic velocity and resistance index of patients with lymph node metastasis were significantly higher than those without lymph node metastasis, and the difference was statistically significant (P\<0.05) ([Table II](#tII-ol-0-0-10939){ref-type="table"}).

### Analysis of diagnostic value of palpation and ultrasound in hypopharyngeal cancer with cervical lymph node metastasis

Forty-one patients were diagnosed with lymph node metastasis by palpation, 59 patients were diagnosed for lymph node metastasis by ultrasound. The sensitivity, specificity, diagnostic coincidence rate, negative predictive value and positive predictive value of palpation were 69.29, 61.90, 60.67, 32.5 and 83.67%, respectively, in the diagnosis of hypopharyngeal cancer with cervical lymph node metastasis, and those of ultrasound were 86.76, 80.95, 85.39, 65.38 and 93.65%, respectively. The sensitivity and diagnostic coincidence rate of ultrasound in diagnosis of hypopharyngeal cancer with cervical lymph node metastasis were significantly higher than those of palpation. The differences were statistically significant (P\<0.05). The specificity, negative predictive value and positive predictive value of ultrasound were higher than those of palpation, but the differences were not statistically significant (P\>0.05) ([Tables III](#tIII-ol-0-0-10939){ref-type="table"}--[V](#tV-ol-0-0-10939){ref-type="table"}).

### The relationship between imaging features of ultrasound and pathological findings

Statistically significant differences were observed in lymph node internal echo types, medullary echo characteristics, envelope definition, and blood flow distribution characteristics between the metastasis group and the non-metastasis group (P\<0.05) ([Table VI](#tVI-ol-0-0-10939){ref-type="table"} and [Fig. 1](#f1-ol-0-0-10939){ref-type="fig"}).

### Multivariate logistic regression analysis

Analysis was carried out for the diagnostic results of ultrasound. The results showed that lymph node internal echo was heterogeneous. There was no medulla, and the disordered blood flow in the lymph node predicted lymph node metastasis (P\<0.001) ([Table VII](#tVII-ol-0-0-10939){ref-type="table"}).

Discussion
==========

Hypopharyngeal cancer is a refractory head and neck tumor, with malignant biological behavior, and it is prone to infiltration and metastasis in mucosa ([@b13-ol-0-0-10939]). In recent years, although local control rate of hypopharyngeal cancer has increased with the development of medical technology, its 5-year survival rate is still 25--40% and is difficult to be improved ([@b14-ol-0-0-10939]). Therefore, how to make an effective diagnosis for hypopharyngeal cancer with cervical lymph node metastasis as soon as possible is an urgent problem to be solved. At present, in addition to palpation, there are other diagnostic methods for tumors in the throat, such as ultrasound, CT and MRI ([@b15-ol-0-0-10939]). However, MRI is expensive and there is radiation in CT, thus these two methods are currently not popular ([@b16-ol-0-0-10939]). Ultrasound has advantages of being non-invasive, economical and convenient ([@b17-ol-0-0-10939]), so the diagnostic value of ultrasound was analyzed in hypopharyngeal cancer with lymph node metastasis.

In the present study, according to the results in the comparison of ultrasound image parameters, the long/short diameter ratio, the maximum systolic velocity and the resistance index of patients with lymph node metastasis were significantly higher than those without lymph node metastasis. The diagnostic efficacy of palpation and ultrasound was analyzed in hypopharyngeal cancer with lymph node metastasis. The results showed that the patients with lymph node metastasis diagnosed by ultrasound was significantly more than that of palpation (P\<0.05). The sensitivity and diagnostic coincidence rate of ultrasound in hypopharyngeal cancer with cervical lymph node metastasis were significantly higher than those of palpation (P\<0.05). Although the specificity, negative predictive value, and positive predictive value of ultrasound were higher than those of palpation, the differences were not statistically significant (P\>0.05). Studies have reported that the sensitivity and specificity of ultrasound in cervical lymph node metastasis were higher than those of palpation, which confirmed the result of this study ([@b18-ol-0-0-10939],[@b19-ol-0-0-10939]). The relationship between the image features of ultrasound in lymph nodes and the pathological findings was analyzed. Statistically significant differences were observed in lymph node internal echo types, medullary echo characteristics, envelope definition, and blood flow distribution characteristics between the metastasis group and the non-metastasis group (P\<0.05). Multivariate logistic regression analysis also showed that lymph node internal echo was heterogeneous, there was no medulla, and that the disordered blood flow in lymph nodes could indicate lymph node metastasis. It was reported that the diagnostic value of ultrasound in laryngeal cancer and hypopharyngeal cancer with cervical lymph node metastasis and demonstrated that lymph node internal echo was heterogeneous, there was no medulla or medulla decentered, and that the disordered signal of blood flow in lymph nodes could indicate lymph node metastasis ([@b20-ol-0-0-10939]). This result is consistent with the results of the present study. Furthermore, it was reported that increased blood flow signals around lymph nodes indicated the presence of lymph node metastasis, the reason is that the infiltration of cancer cells injures blood vessels of medulla, resulting in the residual of blood vessels of the tunica ([@b21-ol-0-0-10939]). This explains the abnormality of the blood flow signal. A report also indicated that the ultrasound image of cervical lymph node metastasis showed medullary structural disorders, and that blood flow showed the increase of peripheral blood flow signal and the increase of resistance index ([@b22-ol-0-0-10939]). This result is also consistent with the findings of this study.

In conclusion, cervical lymph node metastasis is an important independent prognostic factor for patients with hypopharyngeal cancer with cervical lymph node metastasis ([@b23-ol-0-0-10939],[@b24-ol-0-0-10939]). The diagnostic accuracy has important clinical value. This study showed that the preoperative ultrasound has diagnostic value for hypopharyngeal cancer with cervical lymph node metastasis and that the diagnosis result of preoperative ultrasound can be used as an important reference for the diagnosis and treatment of hypopharyngeal cancer with lymph node metastasis. However, further studies are still required.
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###### 

General data.

  Items                                                    Patients with hypopharyngeal cancer (n=89)
  -------------------------------------------------------- --------------------------------------------
  Sex                                                      
    Male                                                   51 (57.30)
    Female                                                 38 (42.70)
  Age (years)                                              
    ≥54                                                    45 (50.56)
    \<54                                                   44 (49.44)
  BMI                                                      
    ≥21                                                    37 (41.57)
    \<21                                                   52 (58.43)
  Educational level                                        
    ≥ Middle school                                        56 (62.92)
    \< Middle school                                       32 (35.95)
  Presence and absence of cervical lymph node metastasis   
    Presence                                               68 (76.40)
    Absence                                                21 (23.60)
  Liver function indicators                                
    Serum total protein (g/l)                              7142±2.33
    Alanine aminotransferase (µmol/l)                      28.34±4.58
    Total bilirubin (µmol/l)                               11.27±2.10
  Renal function indicators (µmol/l)                       
    Creatinine                                             59.59±4.11
    Serum urea                                             5.19±0.76
    Uric acid                                              272.66±11.74

###### 

Quantitative parameters of ultrasound features.

  Ultrasonic features         Metastasis (n=68)   Non-metastasis (n=21)   t value   P-value
  --------------------------- ------------------- ----------------------- --------- ---------
  Long/short diameter ratio   2.29±0.72           1.52±0.63               6.637     \<0.001
  Maximum systolic velocity   34.89±8.31          24.33±7.91              7.590     \<0.001
  Resistance index            0.72±0.10           0.53±0.08               12.23     \<0.001

###### 

Diagnostic results of hypopharyngeal cancer with cervical lymph node metastasis diagnosed by palpation.

  Diagnostic results           Pathology (metastasis)   Pathology (non-metastasis)   Summation
  ---------------------------- ------------------------ ---------------------------- -----------
  Diagnosis (metastasis)       41                         8                          49
  Diagnosis (non-metastasis)   27                       13                           40
  Summation                    68                       21                           89

###### 

Diagnostics of hypopharyngeal cancer with cervical lymph node metastasis by ultrasound.

  Diagnostic results           Pathology (metastasis)   Pathology (non-metastasis)   Summation
  ---------------------------- ------------------------ ---------------------------- -----------
  Diagnosis (metastasis)       59                         4                          63
  Diagnosis (non-metastasis)     9                      17                           26
  Summation                    68                       21                           89

###### 

Analysis of diagnostic efficacy of palpation and ultrasound in hypopharyngeal cancer with cervical lymph node metastasis (%).

  Diagnostic value              Palpation   Ultrasound   χ^2^    P-value
  ----------------------------- ----------- ------------ ------- ---------
  Sensitivity                   69.29%      86.76%       12.24   \<0.001
  Specificity                   61.90%      80.95%       1.876   0.172
  Diagnostic coincidence rate   60.67%      85.39%       13.81   \<0.001
  Negative predictive value     32.5%       65.38%       0.284   0.594
  Positive predictive value     83.67%      93.65%       2.868   0.090

###### 

The relationship between imaging features of ultrasound and pathological findings.

  Imaging features                   Metastasis (n=68)   Non-metastasis (n=21)   χ^2^    P-value
  ---------------------------------- ------------------- ----------------------- ------- ---------
  Internal echo                                                                  47.04   \<0.001
  Homogeneous hypoecho               8 (11.76)           19 (90.48)                      
  Heterogeneous hypoecho             60 (88.24)          2 (9.52)                        
  Medulla                                                                        75.62   \<0.001
  No medulla                         63 (92.65)          1 (4.76)                        
  Broadening, centering              5 (7.35)            2 (9.52)                        
  Threadiness, centering             0                   18 (85.71)                      
  Envelope                                                                       36.01   \<0.001
  Clear                              15 (22.06)          20 (95.24)                      
  Not clear                          53 (77.94)          1 (4.76)                        
  The type of blood flow                                                         48.90   \<0.001
  No blood flow                      10 (14.71)            7 (33.33)                     
  Central regular blood flow         4 (5.88)            14 (66.67)                      
  Central disorderly blood flow      27 (39.71)          0                               
  Peripheral disorderly blood flow   27 (39.71)          0                               

###### 

Multivariate regression analysis.

  Ultrasound findings   Correlation index   Standard error   P-value   OR
  --------------------- ------------------- ---------------- --------- ------
  Internal echo         3.825               1.229            \<0.001   1.72
  Medulla deformation   2.492               0.671            \<0.001   1.41
  Blood flow            1.753               0.562            \<0.001   1.31
